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Method ar.c^ Meana for Producing a fibrinogen Bi:tt*&Ticr: Proc* in and 
Its Ugy jri Biotechnology. 

The invention relates to the fi«ld of genu technology and is 
concerned with recombinant DNA molecules, which contain a 
nucleotide sequence coding for a protein or polypeptide having 
f ibrinogen-binding activity. Moreover the invention comprise;; 
microorganisms (including viruses) containing the aforesaid 
molecules, and the use thereof in the production of the aforesaid 
protein or polypeptide and their use in biotechnology. 
During the laet decay the coagulase-negat ivo staphylococci (CNS) 
have attracted an increasing attention. Along with the 
development of human and veterinary medicine tho number of 
juuccptible hosts havw increased. Advanced surgery* an incroasftd 
use of biomaterial, medication with cytostatic, antibiotics and 
other drugs together with an increased frequency of antibiotic 
resistant strains of CNS have incresed the susceptibility of the 
host. Concerning the veterinary importance of the CNS it is known 
that they e.g. con cause both subclinical and clinical 
inflammation ;n the bovine uddur. The existence ot bacteria that 
bind specifically to fibrinogen has been known for many years. 
The role of i ibi mogen fc mains in tho interaction process between 
the host and ~r.jpnyiococc~j aureus is still not clear but the 
t ibr inogon-binoiny has been considered as one* potential virulence 
factor or. this ;.pocl»s lor .n^iance in endocarditis .(Moreiilon 
et al 199b) . Concerning CN'S th«y have not boon reported to bind 
fibrinogen (V.a J^trO.T. and Ko^jyr//, 1986) and no protoin with 
fibrinogen binai;.:j prcpurt^e^ has to our knowledge been described 
originating Irorr. c:.T» . How«v«r the present invention describes the 
isolation <a;;d chara*; t r r - *~t ion of such protein using gene 
cloning . Kurthcrrrcre tr.tr invention describes different methods 
to rr.o^ure tnw fibrinogen binding activity on cells of CNS and 
th« uSw of th:^ protein bio technology • 

Generally it n.ight n c difficult to obtain a homogeneous *rid a 
reproducible proauct if such a binding protein piepuicd f'xum 

^taphyiocoeeai cells directly. Moreover aLophylocc^ci *ro 
pathogenic **nu need complex culture media wfiicrh involves 
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co^iicaciond in large-scale cultur s. There is thus a need for 
a new method for producing a fibrinogen binding protein (or 
fragments thereof) . 

The present invention relates to a recotnbinant DM* molecule 
comprising a nucleotide sequence which codes for a protein or 
polypeptide having f ibr inogen-binding activity. The natural 
source of this nucleotide sequence is of course the 5. 
vpiaorsnidis strain HB but with the knowledge of the nucleotide 
and deduced axr.ino acid sequence presented here, the gene or parts 
of the gene can be isolated or made synthetically. In particular 
the knowledge of the deduced amino acid sequence for the part of 
the protein resporsible for the fibrinogen binding activity can 
be used to produce syntethic polypeptides, which retain or 
inhibit the fibrinogen binding- Those polypeptides can b 
labelled with various compounds* such as enirymes, fluorescence, 
biotin [or derivatives of), radioactivity, etc and used for * . i . 
in diagnostic testa such as EL ISA- or KiA- techniques . 
ror production of a recombinant molecule according to the 

invention a suitable cloning vehicle or vector, for example a 
phayenud. pla^.*r.*d or phage JNA, may be cleaved with the aid of 
^ restriction cr^pc whereupon the D.N A sequence coding for the 
desired protu-n or polj^c^l ic inserted into the cleavage site 
to for::, the r ccor.b ; na r.t DNA rtjiecule. This general procedure is 
known per ue. and Vu:.c-j ue'r^x^es for cleaving and legating 
d:;a sequence* cv»-r. described in the literature U'-oo for 

instance * . 1 2 "\ 2 l«i ; A-s-^e^. et al 1991; Su-nbxook ot al 1999), 
but to ouz kr.w*ledje the^e uecr^niques have not been used lor the 
present purpo^. 11 5 . epidcfr/rtidis strain HB is used a^ the 

source of tr.c ucj.rcd nucleotide sequence it ia possible to 
isolate aa;ti ;.er.c^ ^;.u lo introduce it into a suitable vector 
in n.annor su.-n u-j ao:c;:bed in the experimental part bo low or, 
since the nut; 1 u ot . c« »c^c;.;c is presented here, u^c a poUmcrauo 
clu;;. react : or. u-Cr.: -:ocr^i^e to obtain r.hft complete or 
fragments oi th^ r : 7 gene. 

iiout-s tnat jr.ay be UL*ed r«, fr.i croorgani sn^ (which can bo rn«d*.* t.o 
produce the protein or activu fragments the/i-ot'J. wnich noy 
comprise bactci*al hu^ti such aa strains of e.g. ; chiu 
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coli, B^ciUus subcili«s„ staphylococcus sp., Lactobacillus sp. 
and furthermore yeasts and other eucaryotic cells in culture. To 
obtain maximum expression, regulatory elements such as promoters 
and ribosome binding sequences may be varied in a manner known 
per se. The protein or active peptide thereof can be produced 
intra- or extracellularly . To obtain good secretion in various 
bacterial systems different signal peptides could be used. To 
facilitate purification and/or detection the protein or fragment 
thereof could be fused to an affinity handle and /or enzyme- This 
can be done on both genetic and protein level. To modify the 
features of the protein or polypeptide thereof the gene or parts 
of the gene can be modified using e.g. in vitro mutagenesis; or 
by fusion of other nucleotide sequences that encode polypeptides 
resulting in a fusion protein with new features. 

Thu invention thus comprises recombinant DMA molecules containing 
a nucleotide sequence which codes for a protein or polypeptide 
having fibrinogon-binding properties. Furthermore the invention 
comprises vectors such as e.g. plasmids and phages containing 
such a nucleotide sequence, and organisms, especially bacteria 
as e.g. strains of E.coli, B.subtilis and StaphyJ ocuccus sp., 
into which such a vector hac been introduced. Al Lorna t i vely , such 
u nuclcotidu sequence may b«j integrated into the natural gene 
material of the microorganism. 

The application furthermore relates to methods tor production of 
a protein or polypeptide having the fibrinogen binding activity 
of protein FIG or active fragments thereof. According to this 
method, a microorganism us net forth above i^> cultured in a 
suitable medium, whereupon tho resultant product is isolated by 
some separatmvi method, for example ion exchange chromatography 
or by meanu of affinity chromatography with the aid of fibrinogen 
bound to an insoluble carrier. 

Vectors, especially pla^mids, which contain the protein FIG 
encoding nucleotide sequence or parts thereof may advantageously 
be provided with a readily cleavablo restriction site by r.eans 
of wliich a nucleotide sequence, that code* for another product, 
can be fused to th« protein FIG encoding nucleotide uoquencc, in 
ordt^r to express <* ±o called luaion protein. The fusion protein 
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may bo isolated by a procedure utilizing its capacity of binding 
to serum albumin and/ or IgG or to oth r fusion partners like 
histidme residues , glutathione S transferase etc, whereupon the 
other component of the system .nay if desired be liberated from 
the fusion protein. This technique has been described dt length 
in WO 64/03103 in respect of the protein A system and is 
applicable also in the present context in an analogous manner. 
The fusion strategy may also be used to modify, increase or 
change the fibrinogen binding activity of protein FIG (or part 
thereof) by fusion of other fibrinogen binding molecules. 
The present invention also apply to the field of biotechnology 
that concerns the use of bacterial cell surface components as 
immunogens for vaccination against CNS infections. 

Starting materials 

Bacterial strains, phages and cloning vectors 

Staphylococcus epiderxildis strain HB was obtained from Dr Asa 
Ljungh , Lund, Sweden. 

E.coli strain TGI and strain MC1061 were used as bacterial host 
for construction of the library and production of the phage 
stocks. The E. coli phage R408 (Promega, Madison, WI , USA) was 
used a* helper phage. 

The phagemid vector pGbH6 used is described Jacobsson and 
FryJcberg (199 6) . 

All strains and piasmid- or phagemid- constructs used in the 
oxamplcs arc availablo at the Department of Microbiology at the 
Swedish University of Agricultural Sciences, Uppsala, Sweden. 

H\:ff>rs and r .ed i a 

£. coli was grown on LB (Luria Bert<xni broth) agar plattis or in 
LB broth (Sambrook, ct al I9B9) at 37°C. In appropriate cases the 
LB medium wat; supplemented with glucose to a final cone, of 2%. 
Ampiciiiin wua m appropriate cases added to the L\ coli giowth 
media to a final cone, of 50 jxg/ml . Staphylococci were grown at 
37°C on bloodagar-plates (containing 5% final cone, bovine blood) 
or in Tryptone Soya Broth (TSD obtainea from Oxoid. Ltd 
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Basingstoke, Hants., England) PBS; 0 , OSM sodium phosphate pK 7.i, 
0.9 * NaCl . PBS-T: PBS supplemented with TW£EN 20 to a final 
cone, of 0.05 %. 



Preparation of n\'A from s taphylococci and strcPtPCOCCi - 
Strains of s. vpidermldls or 5. aureus were grown overnight in 
TS3. Next morning the culls were harvested and the chromosomal 
DNA prepared according to L&fdahl et al (1983). Chromosomal DNA 
from streptocci have earlier been described in WO 95/07300* 

Proteins and oth er reagents 

Human fibrinogen was obtained from < IMCO Ltd, Stockholm, Sweden) . 
Human so rum albumin (HSA) , fibronectin, IgA, lactotcrrin and 
transferrin wore obtained from Sigma, St. Louis. USA). Bovine 
serum albumin (fraction V, ria grade) was obtained from USD (cat. 
no. 10866). o^mucrogiobulin <a ; M) and collagen type I were 
obtained from Boehrmyer , Mannheim, Germany) . Vitronectin was 
obtained from bional, Tartu, Estonia and hum*an igG from Kabi, 
Stockholm, Sweden. LIustin was obtained from ICN Pnarmaceut icals 
Inc. CA. USA and pepsin from rLtBO lab Stockholm, Sweden. 
DNA prober were labelled with a^P-AT? by a random -pr iming method 
IMultipnme DNA labollmg system; Anersham Inc. Amor sham, 
England) 

Ni troceliulose (NO - filters CSchlei cher*SchUli ( Daa:j^l . Germany) wore 
used to bind DNA *n hybridization experiment;; or pror.cins in 
Atss tern-blot technique.;. 

In order to d;.aly/< protein tuples by native or sodium dodecyi 
sulphate -polyac ryla£\i a gul €» lectrophoresis (SDS-PAGE) the PHAST- 
system obtained :rom Pharmacia LKii Biotechnology, UppjaJa, Sweden 
waii u^ed acco: j.r.g to the suppliers re commie ndat ions . 
Oligonucleot ;dor, uicu wcr%s sythesized by ( Pharn-ac? ia , Uppsala, 
Sweden ) . 

Micro Well plates (MaxiSorp. Nunc, Copenhagen, Denmark ) were used 
in panning experiment. Piasmid DNA was propared usm-j Wizard 
Xmipreps (Proir.^gd) and the sequence of the insert 3 was 
determined as Ju^cibed by Jacobsson and Frykbery <:9 ( jd). The 
^uciuences obuir.uci were analysud using the PC-gc?r.*i pi"cgr<*rr. 
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Methods used routinely in molecular biology are not described 
such as restriction of DNA with endonuc leases, ligation oi DN'A 
fragments, plasmid purification etc since these methods can be 
found in commonly used manuals (Sambrook ct al 1989, Ausubel ec 
al 1991) . Ligation reactions were performed using Ready- fo-Co T4 
DNA Ligase (PhanuiCici, Uppsala. Sweden) . For polymerase chain 
reaction ampl i f icacion th*a Gene Amp 1 * kit, obtained from Perkin 
Elmer Cetus, was used. Sequence reactions were performed i sing 
" Secjueuase , version 2.0 s kit (United Scales Biochemical 
Corporation, Cleveland, Ohio, USA) . Alternatively the A3! PRISM 
L^ye Terminator cycle Sequencing Heady Reaction Kit waj used and 
the sa^plej analysed using the Applied Biosystems 37 3A DMA 
■Sequencer . 

n^ng^ — 1^ — Uis — p^grgr>?tf si f ;flPAvis^f?cfUtf vrIti?^T,itfAy 

iir^obilizod f-.brino=3^n ana investigation of the nature of the 
bindir.cj roch.i:;:;^ IA-Fj ., 

Str.^aj of JC&phylococcus cpidcrmidis isolated from caues of 
peritonitis wore grown on Blood agar plates at 37°C overnight. 
The bacteria rrorr. one plate was harvested with b ml phosphate 
buiiercd Juiir.e (i'iiC) , washed or.ee, and the optical density (OD) 
wa u a d ^ u^u*a to 1 . S . 

(/V bacterial ^'.ih'.-ri'n-ri- . ribrinogwn way diauoived in i J LiiL> at 10 
rr.y/;ni and ada^a ;r. serial 3-fold dilution to microtiter wells 
C*unc), Iior, top tg Lotto;-. Vhu plateu were incubated ov^rr.ighc 
at room temperature (RT). To cover uncoated plastic sites the 
platc-s wc-r^ coated with 1% bovine serum albumin tor 1 hour at 
37*C. The plates were washed with P\iS with C.05* Tween 20 
(PBST) . liexc, bacteria were adaed in serial 2- told dilution ia 
P^S'l', from left :c right, to the fibrinogen couteu miciotiter 
plates, bacterial auherence way allowed for 2 hour j a t 3 '' c C or 
at %°C ov«rr*isr.c. Non-adherent bacteria were waahed oil arci 
bound bacterid were airdried. The crodawiae dilution 'ji cot a 
: ibrir.otfen and bdct^na allows stimation cf bacr*ri<iL n.r.d 
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both as a function of fibnnog n cone ntratior. and of amount oL 
Ucuri*. Determination of bact rial adherence was done* by 
optical reading using a microtiter plate reader at A 40b. The 
turbidity and light scatter caused by bound bacteria result a in 
a reading ranging from 0.00 to 0.20. An example of adherence 
values a*, a function of fibrin^cn coating concentration is shown 
in Figure 1 for throe different strains (2,19 and JW27). These 
conditions for adherence determination were used in the following 
experiments . 

r m Adherers blocki m >>v antibodies gCffljr.fft fibr i nogen. a 
modification of the experiment performed abovo, antibodies 
against fibrinogen (anti Fg) (Sigma) were added 1 hour prior to 
addition of bacteria (OD=1.0) to the immobilized fibrinogen. As 
a control, antibodies against fibror.ee tin (anti Fn) (Sigma) werw 
added in a separate experiment. Figure 2 shows that antibodies 
auainst fibrinogen (circles) inhibi-.ad adherence better than 
antibodies against fibronectin could (squares) . The mean values 
and standard errors from three separate experiments are shown. 
(r> Adherens h^ocfclr-" "V soluble f T brlnoqc;! ■ Soluble fibrinogen 
was added to the bacteria at concentrations indicated in Figure 
3 and incubated for 1 hour at 37 °C before addition to plates 
coated with fibrinogen as described abovu. Adherence ot J. 
epidernidi* strain 19 (liiiea circles) was inhibited to around 
30*. As a control, inhibition of Staphylococcus aureus strain 
Newman was measured in a similar experimental setup (open 
circles) • Mean values and stur.aard errors from three separate 
experiments are shown. Although significant inhibition ot 
adhei-ex-.ee of ii . *pidttrniid±j we* obtained, inhibition of 5. aureus 
was more pronounced . 

JUL- *j?d^Z±2^^L^l^^^~-~tZ J'> VTVt<£<A4V l x ya j^ent., ,pf_J -^^;cr l a , 
Bacteria weie treated (cr 30 minutes at Tl °C with proteose K. at 
concentrations -.r.uicatcd in Pigure 4, prior to addition to 
immobilized i.bnnogcn. Protease treated bacror.a were 
extensively wasr.ed after protease treatment to avoid protease 
digestion of the immobilized fibrinogen. Four different strains 
of 5. epidermidis (2. 19. 209 and HB) and 5. aure-J (strain 
Newman) were used in this experiment. All strains tested snowed 
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sensitivity to prot as treatment, thus thu odherer.ee to 
fibrinogen depends on a. surf ce protein. 

/gi Adherence blocking bv L i Cl extract of 5. cpide~;tf « i T - 
cpiccr.T.idis cells, grown and harvested as described above, were 
treated with IK LiCl at 40°C for 2 hours with continouj gcntlo 
stirring. The bacteria were centrifuged and the bacteria- f re 
supernatant was filtered and dialysed against PBS. Surface 
associated proteins bound to the cells by hydrophobic 
interactions are thereby released. This LiCl extract, presumably 
containing a fibrinogen binding protein, was used to inhibit 
adherence of 5. epiderxidis to immobilized - fibrinogen in the 
following way. LiCl extract at various dilutions was added to the 
immobilized fibrinogen and incubated for 1 hour at 37 U C. The 
plates were washed and bacteria added for adhesion testing. 
Figure 5 shows that adherence was better the ciorg thw LiCl 
extract was diluted; i.e. an adhesion- inhibitory compound is 
present in tht LiCl extract. 

Kv.---.<» 2. Ij-l^ -r- r.f a cl --* expressing fibrlngg^n biding 
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A gene library of S. cp-der~:dis strain H3 was produced in a 
manner as desenbea by Jacuo-son and Fryxberg (1996). 
Staphylococcal 2:ih va, r^.dcmly fragmuntot by sonicar.ion 
The ixurary i..s-ltod m 4x11* independent clones, which after 
amplification nad u titer or 2xlO iJ cfu/ml. Two hundred 
microliters o: ::.o l.uary .v.:o added to each of three wciia and 
incubated fcr 4 hour at roc- ter.pereuture (RT) . The wells were 
warned cxten-.vely w.th ?=:;-? and once with SCn-M ha-c i 1 1 « to/ 1 4 0 
mM N'aCi. prl i . 4 . Fir.al.y. tr.j bound phage were eluted stepwise 
in the sare ou::er w.t:. ^creasing pH (3.4 and 1.6) . The equates 
fro::, the three -ell- neutralized with 2 « Triu-MCl. pK 8.6. 

Aliquot 5 of the eluate* were used to infect r. coli TGI cells, 
which then were ;:cw- overnight on LA plates containing glucose 
and axpiCi 11 :r. . Tn«t colonies (obtained after infection o: TGI 
cells with tr.v p:.-jo and eluted at pH 3.4 and 1.8 in th« primary 
panning) were collected by resuspension in Lh medium ana ::.f.«cted 
with, helper ph»y« K406 -IS 1 * plaque- f orming units '.p:-5.for 
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production of enriched ph*ge stocks. Thereafter, tho infected 
bacterid were mixed with 4 ml 0.5* soft agar and poured on one 
LA place with anpicillia. After incubation over night 37«C the 
phages were collected as described by Jacobsson and Frykberg 
(1996) . The resulting phage stock was repanned against fibrinogen 
as described above. The result presented in Table 1. shows that 
there is an enrichment of clones having affinity to fibrinogen. 

7ft)?;? 2.- 

Panning Ligand 

Fibrinogen I<?G 

1st 

Wash 1.6x10' cfu/xnl 

pH 5.4 1.6xlO J cfu/ml 

P H 3,i 2-ixlO 1 cfu/ml 

pH 1.8 "7.0xi0 J cfu/ml 



2nd 
Wash 



l,2x!0 J cfu/ml 2.2x10* cfu/ml 

pH 5.4 4. 4x10* ctu/ml 6.2xlC a cfu/ml 

pH 3.4 4.3x10* cfu/ml 1 . 4x10* cf u/n>l 

pH 1.8 2.0xl0 J cfu/ml 8 . 0xl0 2 c fu.'ml 

kx.^.dIo y DXA f.o ff iBT-.rir.g and sequence flr.^ygU . 
Eigth colonies coding : rotn the 2nd panning <pn 3.4) against 
fibrinogen described m EXdutpie 2 were chosen for further 
jU di ua . Phage.- id 3NA from these colonies were prepared and 
partially sequenced. Seven of the clones seemed to contain the 
Jtf ur.c insert. One of these seven clones called pSElOO was chosen 
tor further studies. Purfied phayemic u,.A from the clone pSElOO 
was analysed by restriction napping which revealed that tho 
phagemid contained a:, ii.sext of -1.8 kilo base pair <kb>. The 
nucleotide int) seque--ces of the complete ineerts ot pSElOO was 
determined and the nt and deduced amino acid (aa) sequences were 
analysed ucirg the PC-gene program. This analysis r«voulcd that 
the insert ot pSclCO contains an open reading f ram* of 1.745 nt 
(sequence list). Thus the insert encodes a Sol aa piotcin. 
termed protein FIG (and th corresponding genu termed fig), with 
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a calculated molecular mass of -65 kDa (sequence list) . 
Furthermore, the sequence analysis show that the insert of pSEICO 
is in the correct reading frame with the vector sequences in the 
5 '-and 3 '-ends. This means that the in3ert gives ris>e to a fusion 
with the pel leader and the myc tail (sequence list) and that the 
native 5'- and 3 '-ends of the fig gene is not present in the 
pSElOO clone. Interestingly, sequence analysis of the deduced 
amino acid squence of the insert reveals similarities to one 
potential virulence factor of S. aureus called clumping factor 
(McDevitt ct al 1994) . 

Fxarnle «1 ■ Properties of the fibrinogen binding protein encoded 
f ran pSF.100 . 

A) Specific] tv of the fibrinogen binding. The phagemid pSElOO waj 
oictroporated into competent E.coli TGI colls. After growth over 
night on a LA plate (containing ampicillin and ylucosu) one 
colony containing pSElOO was grown over nigth and infected with 
the helper phage K408 for production of an enriched phage stock. 
The resulting phago stock containing recombinant phages 
expressing the insert of pSElOO had a titer of 3xl0*cfu/ml. The 
phage stock of pSEICO w*j uuud to pan against 13 different 
protein* cofltud in nucrotiter welly and to one uncoated well. To 
each well containing the respective protein (or to the uncoated 
well) 2C0(il of the phage stock of pSElOO was added. After panning 
Lor Lhruu hourj at KT under gentle agitation the wells were 
wajhed extensively using P3ST and a sample ot the last w^sh wan 
collected. The bound phages were eluted with Na-Citrate bufler pH 
i.b. The eluted copies were i*T^nedia tely nouraliznd using 1M 
Tris-HCl pil d.6. The eluted phages and the phages trom the wash 
were allowed to separately infect E. coli TGI colic and after 
infection the cells were plated on LA plates containing 
ampicillin and glucose. The plates were incubatod over night at 
37 °C and the truipency of colonies was counted. The r*^ult. of 
this experiment is presented in Table 2 which shows the 
fibrinogen binding specificity of the protein expressed by 
PSElOO . 

Liya^d Wash Eluat pH I. a 
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V^i i r~. » % T1 
f kj L 1 iiU^ w«i 


1 


.1x10* 


cfu/ml 


1.4x10' 


cfu/ml 


rj M 


2 


. 0x10* 


cfu/ml 


2 .0x10* 


cfu/ml 






10-' cfu/ml 


8.0x10* 


cfu/ml 






. 0x10* 


cfu/ml 


1.2x10* 


cfu/ml 




a 


. 0xl0 a 


cfu/ml 


5.2x10* 


cfu/ml 


it 4 hrftn<*ctin 


6 


.0x10' 


cfu/ml 


2.4x10* 


cfu/ml 




8 


.0x10' 


cfu/ml 


2.2x10* 


cfu/ml 




6 


. 0x10* 


cfu/ml 


6.8x10* 


cfu/ml 


IgG 


m 

% 


.OxlO 2 


cfu/ml 


4.4x10' 


cfu/ml 


Uctofcrrin 


6 


. 0x10* 


cfu/ml 


8.2x10* 


cfu/ml 


Pepsin 


1 


.8x10' 


cfu/ml 


3.7x10* 


cfu/ml 


Trani f urr in 


2 


. 0x10* 


cfu/ml 


2.4X10 1 


cfu/ml 


Vi troncctin 


<10 i cfu/ml 


2.2x10' 


cfu/ml 


Picistic 


2 


.4x10' 


c f u / ml 


9. OxlO 1 


ctu/ml 
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ir.h'.bitfor exrcrir.er.t . The pSLlCQ phage stock was diluted to 



a Liter of ~bxi0*cfu/ml . Of this phage solution samples (180ul) 
waa ta*.en and aepurately incubated for one hour with different 
concentrations of fibrinogen. USA or IgCJ before transferred to 
fibrinogen coated microliter walls. After panning for throe hours 
at KT under gentle agiution the wells wore washed cxtumiivoly 
uuing PbST. The bound pruigeii were oluted with Na-Citrate buffer 
pH 1.3. The el-ted u<ur.plui» weto immediately neutralized utiing 1M 
Trij-HCi pH b.fc. The eluted phage* wutd allowed to infect f. vol i 
TGI cells and utter ir.tectior. the cells were piatea on LA plate* 
containing an.pi ei 11 in and glucose. The plates wore incubated over 
night at 37 °C and the frequency of colonies was counted. The 
result gl tl.u experiment ij presented in Table 3 which ahows 
chat the binding to fibrinogen ia inhibited by fibrinogen hut not 
with the other touted proteins. 
Tabic 3. 
Cone, of 

different ^oiuable Uganda 

ligands (iig/n*l) Fibrinogen BSA 
0 7.6xi0 4 cfu/ml 7.6xlC % ctu/ml 

7,0x10* cfu/ml 
9. 3x10* cfu/ml 
6 . 3x10* cfu/ml 7 . 6x1 



0 . 1 
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* . *;xl0 4 cfu/ml 
3 . 6x10* cfu/ml 
1 • S*10 4 cfu/ml 



IgG 

7 . 6x1 0 4 ctu/ml 

6 • 2x10* cf u 'ml 

9. OxlO 4 clu/mi 



Cf u. 



r- : > - ? .; 
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100 3.8x10' ctu/ml 6.4x10* cfu/ml 7 . 3xl0 4 ctu/rol 

i C00 3.0xlC J cfu/ml 6.9x10* cfu/ml 7.6x10* cfu/ml 

Exair.pl o 5 . Western blot experiment . 

E. coli cells of strain TGl and MC1061 containing pUElun were 
grown in LB (containing ampicillin and glucose) over night at 
37 ^C. The next morning the cells were harvested by 
centnfugation. resuspended in LB (containing ampicillin. glucose 
and 0.1 M IPTG and further incubated at 37°C. Twelve hours later 
the cells were harvested by centrifugation and both the cells and 
the supernatant were taxon care of. Four volumes of ac*ton were 
added to the supernatant and the resulting precipitate was 
collected by centrifugation. airdried and resuspended in lcecold 
PBS. Prior to electrophoresis the cells and t.ho precipitate from 
thrs supernatant: wore rosuapanJod separately in a sample buffer 
containing 2 . b%3L>3 and 5% beta-mercaptoethanol and boiled for two 
minute-. Alter donaturation the samples ware analysed run under 
reducing condition* u^ing the PllAST-ayatem (Pharmacia) on a 0-25% 
gradient gel using SDS-buffer strips After the electrophoresis 
was completed a NC-filLer previously soaked in PUS was put on the 
gel and the temperature raised to 45°C. Alter -4b minutes the NC- 
filter was wetted with 1 ml PUG. gentle rewoved and placed in 
15ml VIM .containing 0.1% 'lVeen 20 aolution (PliST 0.1*) for 30 
minutes In KT (under gentle agitation and with two changes of 
PiiST 0.1* solution). After the lant change of VUST 0.1% 
tibrinogon was auduu to a final cone, oi ZOng/ml and the filter 
wae incubated tor tour hours at KT under gentle agitation. Tim 
filtor was subsequently washed for 3x10 minutes using PUoTO.l* 
and HKP-conjugat.od .abbit ai.tl -human fibrinogen antibodies (DAKO 
code A OdC. diluted 1 : bGO in PH*T 0.1%) were added and the filtrr 
was incubated loi 1 hour ar. KT under gentle agitation. Aftor 
wushing the filler 3x10 minutes, using PBST 0.1% th« bound 
fibnrogor. w,i.: v. sullied by transferring the filter to a .solution 
containing a substrate for the horse radish peroxidase (0 ml 4 
chloro-l-naphtol (3 ir.g/ml in metanol > * 25 ml PL'S * 20 tU H,0 : ) . 
The result showed that a fibinwgen binding prut. -In w.-.-, f^n-i in 
but), typub oi t as-.pl «* (ceiij and growth media) in botii . « '••''' 
CC U 3 ho .-hour my pJEiOG. whi 1« no euch protein wo a tv.tui in t »..» 
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control culcur s of E. coli TGI and MC1061. The fibrinog n 
binding protein expressed from the pSElOO was in the approxinotu 
size as aspected from the deduced amino acid. 

Example * The occurrence of the fia oene and the U3C c£ Tl? q*no 
to identify S. ep Mp.-nidis in diagnostic test- 

Purified chromosomal DNA from S. aureus strain a32S-4, 
Streptococcus eyui subsp. e«7ui strain 196 and aubap. 
sooepidemicus strain Z5, Streptococcus pyogenes strain 2-1047. 
Jtft;pCococcutf dysgalactiae strain 8215 were cleaved using the 
restriction enzyme EcoRl . The cleaved samples were run on an 0.8% 
agarose-gel together with chromosomal DNA from 6'. epider/ni di- 
strain KB cleaved with various restriction enzymes. After the 
electrophoresis was completed the separated DNA fragments worn 
transferred to a NC-filter using the Vaccum blotting ayatem from 
Pharmacia. After the transfer the filter was hybridized under 
stringent condi tions { in a solution containing 6xS3C, bxDenhart. 
0.5%SDS at 65 B C) using a probe designed on the basis of tho 
nucleotide sequence of the insert of pSElOO. This probe hud 
earlier been prepared as follows. two ol igonuciotides (b'~ 
AGGTCAAGCACAAGGTCAO 3 'and b ' -CAACAACCATCTCACACAAC- 3 ' ) were 
ordered (Pharmacia) and used as a primer pair In a PCk (2b cycles 
94°C 1 ir.inuLo, bC°C 3C seconds, 72°C 1 minute using an Parkin 
Elmer Cetua Tne r^l~Cycier CbO) to amplify an -150 bp fragment of 
the insert or\( pSKi CC . j The amplified material wat, tun on an 
agarose gel o>d-~_t.h/ -150 . bp fragment was purified and 
re.dioactively labelled using a'*P dATP and the Multiprime UNA 
labelling ay stem ( Amerahom ) . The filter waa hybridized over night 
and subsequently washed in a washing solution (0.2% SGC, 0.1% 
SDS) at u0 k C and ^utoraUi o^ r aphud. The result showed that no 
hybridization was detected in the samples originating from 
streptococci end J. a-reutf while hybridization occurred to the 
samples camming from the S. upidormidxs strain His. 
To investigate the occurrence ot the fig gene in other strains of 
a. epirferfflidis the following PCR reaction was not up. Chromosomal 
DN'A from 13 different ciinial isolates of S. epidarmldis were 
used as templates. The sam primers and the lame PCii conditions 
as described abuvo wuxt) used. The result showed that an ^.^lified 
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product of -150 bp could b detected (using a 2% agarone gel) in 

All strains of S. epidermidis but not in the control socrplcu 

original containing chromosomal DNA from S. aureus and S. 
pyo gcvsc^ . 
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S*qu&&c list 

Huvudfaxcn Kauon 

10 20 30 40 50 60 70 

I | | I I I I 

ACCACCACCACCACCACCACCCCTCTAGTGATGAAQAAAAOAATGA.TGTGATCAATAATAATCAGTCAATAA 

KHHHHHPS5DEEKNDVINNNQS I 
^ Pec C<+Jtr 

80 90 100 110 120 130 140 

| I I I I I I 

ACACCGACGATAATAkCCAAATAATTAAAAAAGAAGAAACOAATAACTAC^^ 

NTDDNNQI IKKEETNNYDGIEKRS 

150 160 170 100 190 " 200 210 

| | | I I I I 

AAGATAGAACAGAGTCNACAACAAATGTyGATGAAAACGAAGCAACATTTTTACA 

EDRTEXTTNXDENEATFLQKT PQD 
220 230 240 250 260 270 280 

| | I ! i I I 

ATACTCATCTTACAGAAGAAGAGGTNAAAGAATCCTCATCAGTCGAATCCrCAAATTCATCAATl'GATACTG 
NTHLTEEEXKESSSVESSNSSIDT 

2 yo 300 310 320 330 340 350 360 

| | I I I I I I 

CCCAACAACCATCTCACACAACAATAAATAGAGAAGAATCTOTTCAAACAAGTGATAATGTAGAAGATTCAC 
AQQPSHTTINREESVQTSDNVEDS 

370 380 390 400 410 420 430 

| | I I I I I 

ACGTATCAGATTTTGCTAACTCTAAAATAAAAGAGAGTAACACTGAATCTGOTAAAGAAGAGAATACTAYAG 

HVSDFANSKIKESNTESGKEENTI 

440 4b0 460 470 480 490 t>00 

| | I I I I I 

AGCAACCTAATAAAGTAAAAGAAGATTCAACAACAAGTCAGCCGTCTGGCTATACAAATATAGATGAAAAAA 

EQPNKVKEDSTTSQPSGYTNIDEK 
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S qu nc Hit -one . 

510 520 530 540 550 560 570 

I I I | I I I 

tttcaaatcaagatgagttattaaatttaccaa^ 

ISNQDELLNLPINEYENKARPLST 

580 590 600 610 620 630 640 

CATCTGCCCAACCATCGATTAAJ^ 

7SAQPSIKRVTVNQLAAEQGSNVN 

650 6C0 670 680 690 700 710 720 

ATTTAATTAAAGTTACTGATCAAAGTATTACTGAAGGATATOATGATAGTGAAGGTGTTATTAAAGCACATG 
HL I KVTDQS I TEGYDD S EGVI KAH 

730 740 750 7C0 770 780 790 

I I | I I I I 

ATGCT3AAAACTTAATCTATGATGTAACTTTrCAAGTAGATCATAAGGTGAAATCTGGTGATACGATGACAG 

D AENLIYDVTFEVDDKVKSGDTIJT 

600 810 820 830 840 850 860 

I I | | I I I 

TGGATATAGATAAGAATACAGTTCCATCAGATTTAACCGATAGCTTTACAATACCAAAAATAAAAGATAATT 

VDIDKI-'TVPSDLTDSFTIPKIKDN 

870 880 890 900 910 920 930 

I I | | I I I 

CTGCiAGAAATCATCGCTACAGGTACTTATGATAACAAAAATAAACAAATCACCTATACTTTTACAGATTATG 

S GEI IATGTYDNKNKQITYTFTDY 

540 950 960 970 980 990 1000 

I I I I I I I 

T AGAT AAGTATG AAAAT ATTA \AG CACACCTTAAA7TAACGTCATACATTG ATAAATC AAAGGTTCCAAATA 
VDKYENIKAHLKLT5YIDKSKVPN 

L01O 1020 1030 :04Q 1050 1060 1070 1080 

ATAATACCAAGTTAGATGTAGAATATAAAACGGC^ 

NMTK^DVEYKTALSSVNKTl .VEY 

10 9G 1100 1110 1120 1130 1140 1150 y 

| I | I I < > 

AAAGACCTAACGAAAATCCXttCTGCTAACNT? 

QXPNENRTANXQSMFTNIJl KNHT 

1160 1170 1180 1190 12C0 1210 :-37 

h | I I I 1 1 

'I — CAGCA/w\CGA'rTTATATTAACC2rrCTTCGTTATTCAGCCAAGGAAACAAATGTAAATATTTC#« -voAA . .. t 

V EQ-T.IY1KXLRYSAKE7NVN I iJ fi N ^ 
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Saqu nca list COat . Huvudio*cn Kanon 

1230 1240 1250 1260 1270 1380 1290 

I I I I I I I 

CTGATGAAGGTTCAACAATTATACACGATAGCAXyUTAATTAAA 

GDEGSTI JODSTIIKVYKVGDNQN 

1300 1310 1320 1330 1340 1350 1360 

I I I ! I I I 

TACCAGATAGTAACAGAATTTATGATTACAGTGAATATGAAGATGTCAaUkATGATGATTATGCCCAATTAG 

LPDSNRIYDYSEYEDVTNDDYAQL 

370 1380 1390 1400 1410 1420 1430 1440 

I I I I I I I I 

GAAATAATAATGATGTGAATATTAATTTTGGTAATATAGATTCACCATATATTATTAAAGTTATTAGTAAAT 

GNNNDVNINFGNIDSPYI IKVISK 

1450 1460 1470 1480 1490 1500 1510 

I I I I I I I 

ATGACC^'TAATAAGGATGATTACACGACTATACAGCAAACTOTGACAATGCACACGACTATAAATGAGTATA 

YDXNKDDYTTIQQTVTMQTTINEY 

1520 1530 1540 1550 1560 1570 1580 

| I I I I I I 

CTGGTGAGTTTAGAACAGCATCCTATGATAATACAATTGCTTTCTCTACAAGTTCAGGTCAAGGACAAGGTG 

TGEFKTASYDNTIAFSTSS GQGQG 

lbi*0 1600 1610 1620 1630 1640 1650 

I I I I I I I 

A CTTG C CT CCTGAAAAAA CTTAT AAAATCGGAGATTACGTATGGGAAGATGTAGATAAAGATGGTATT CAAA 

D L ' PEKTYK1GDYVWEDVDKDGIQ 

i660 1670 iodC 16S»0 1700 1710 1720 

| I I i I I I 

ATACAAATGATAATGAAAAACCGCTTAGTAATGTAITGGTAACTTTGACGTATCCTGATGCAACTTCAAAAT 

NTNDNEKPLSNVLVTL'TYPDGTSK 

730 1740 1750 1760 1770 1780 

| I I I I I 

CAGTCAGAACAGATGAAGATGoGAAATATCAATTTGATGGGGTGCAGGTCGAC 

SVRTUEDGKYOFDG'VQVD 

-— ^ 

S*»qu«ac« list. A partial r.ucl*otid« sequ«nc* of th«a putative fig 
gene from S. epidmrwidis strain HB and tha daduc«d amino acid 
soquenca. Thu vector a qu nces in the Junction of the 5'- and 3 - 
u.-.d;i are ir.dicaL** J . 



1. Recombinant DN* molecule containing a nucleotide sequence 
coding for * protein or polypeptide having fibrinogen binding 
activity originating from a coagulase-r.egative staphylococcal 
strain. 

2. Plasmid. phage or phagemid containing a nucleotide sequence 
coding for a protein or polypeptide having fibrinogen binding 
activity originating from a coagulase-negative staphylococcal 
strain . 

3. Microorganism containing at least one recombinant DNA 
molecule according to claim 1. 

4. Microorganism containing at least one plasmid, phage or 
ph.age.udd according to claim 2. 

5. Method for producing a fibrinogen binding protein or a 
polypeptide thereof, characterized in that 

- dt least one recombinant DNA molecule according to claim 1 is 
introduced in a microorganism. 

- eaid microorganism is cultured in a suitable medium. 

- the protein thus formed is isolated by chromatographic 
purification. 

6. Method for producing a fibrinogen binding protoin or 
polypeptide tnwrcof characterized in that 

- at least one reco.Tj3ir.anc protein according t.o claim 1 is 
expressed or. a phage particle. 

- aaic phage particle shows fibrinogen binding activity 
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7. Kcco;nbinanc DNA molecule according C claim 1. characc rii*a 
by containing one or more of th following nucleotid aeqru nc*s: 



261 

351 
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10 20 30 40 50 60 7G 

| I I I I I < 

1 CTCTAGTGATCAAGAAAAGAATGATGTGATCAATAATAATCAGTCAATAAACA.CCGACGATAATAACCAA 

7 X ATAATTAAAAAAGAAGAAACGAATAACTACGATGGCATAGAJJUVACGCTCAGAACATAGAAC7.GAGTCNA 

141 CAACAAATGTNCATGAAAACGAA3CAACATTTTTACAAAAGACCCCTCAAGATAATACTCATCTTACAGA 

211 AGAAGAGGTNAAAGAATCCTCATCAGTCGAATCCTCAAATTCATCAATTGATACTGCCCAACAACCATCT 

CACACAACAA^'AAATAGAGAAGAATCTGTTCAAACAAGTCATAATGTAGAAGATTCACACGTATCACA-ri- 

TTCCTAACTCl'AAAAl'AAAACAGAGTAACACTGAATCTGGTAAAGAAGAGAATACTATAGAGCAACCTAA 

TAAAGTAAAAGAAGATTCAACIAACAAGTCAGCCGTCTGGCTATACAAATATAGAl'GAAAAAATTTCA/iA"' 

0%AGATGAGTTATTAAATTTACCAATAAATGAATATGAAAATAAGCCTAGACCATTATCTACAACATCT(^ 

b b 1 CCCAACCATCGATTAAACGTGTAACCGTAAATCAATTAyCGGCGGAACAAGGTTCGAATGTT/\ACC7\TT'T" 

6 3 1 AATTAAAGTI' ACTCATCAAAGTAl'TACTGAAGGATi.TGATGATAGTGAAGGTGTTATTAAAGCACATGAT 

7 C 1 CCTGAAAACTTAATCTATG ATGTAACn-rrGAAGTAGATGATAAGGTGAAATCTGGTGATACGATGACAG 

7 71 TOG ATATAGATAAGAATACACTT C CATCAGATTTAACCGATAGCTTTACAATACCAAAAATAAAAGATAA 

8 4 1 TTCTGGAGAAATCATCGCTACAGCTACTTA7GATAACAAAAAT AAACAAATCACCTATACTTTTACAC AT 
311 TATGTAGATAAGTAT CAAAATATTAAAGCACACCTTAAATTAACCTCATACATTGATAAATCAAAGGTTC 
5 a 1 CAAATAATAATACCAAGTTAC^TGTAGAATATAAAACGGCCCTTTCATCACTAAATAAAACAATTACGGT 

I C 5 1 TGAATATCAAAGACCTAACGAAAATCGGACTGCTAACirrTCAAAGTATGTTTACAAATATAGATACGA/kA 
1121 ^ATCATACAGTTGAGC/J'\ACGATTT7»TATTAACCNTCTTCGTTATTCAGCCAAGGAAACAAA , rGTAAA1'A 

I I S» 1 TTTCAGGGAATG3TGATGAAGGTTCAACAATTATAGACGATAGCACAATAATTAAAGTTTATAAGGT''A :G 
^20 1 AGATAATCAAAATTTmCCAGATAGTAACAGAATTTATGATTACAGTGAATATGAAGATGTCACAAATvi AT 

13 3 1 CATTATGCCCAATTAGGAAATAATAATGATCTGAATATTAA'ITTTGGTAATATAGATTCACCATATAT TA 

14 01 TTAAAGTTATTAGTAAATATGACCN rAATAAGGATGATTACACGACTATACAGCAAACTGTGACAATG-JA 

14 7 1 GACGAC-I-ATAAATGAGTATACTGCiTGAGTTTAGAACAGCATCCTATGATAATACAATTGCTTTCTCrACA 

15 4 1 AGTl*0\GGTCAAGGAC/^»G3TGACTTGCC"rCCTGAAAAAACTTATAAAATCGGAGATTACGTATGGGA7\3 
1 C 1 1 ATGTAGAI'AAAGATGGTATTCAAAATAOW^TGATAATGAAAAACCGCTTAGTAATGTATTGGTAA^T !T 
1 6 ti 1 GACGTATCCTCATCGA/kCrrTCAiVkAl'CAGTCAGAACAGATGAAGATGGGAAATATCAATTTGATG 
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6. Recombinant DMA molecule according Co claim 1, characterized 
by encoding one or more of the following amino acid aequoncea; 
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9. Piajmid, ^r.ayc or phagcrad concaining one or mora nucleotide 
sequences according to cluir.; 7. 

10. Microorganism cor.u^r.ir.g aC least ono plasmid, phagu or 
phayemid acccru.r.'.j to claim b. 

11. Vhc u:»c cin uxirflctabie fraction of coagrulafi«-neirat i 
staphylococci to blocic th adh#r«nc« of coaguia^e-ncgat i ve 
staphylococci to surfaces with iuunobilized iihrinoytjn. 
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12. The use of the native fibrinogen binding protein or partu 
thdieof from coagulace-negative staphylococci to block the 
adherence of coaguiaae-negdtive staphylococci to surruces with 
iruncbi lized fibrinogen . 

13. The use of protein FIG or parts thereof to biocic tho 
adherence of coagulase-negative staphylococci to surfaces. 

14. The of invr.obiliz«d protein FIG or fragments thereof to 
isolate or detect fibrinogen in solutions. 

15. For diagnostic purposes use the fig genu or parts thereof to 
detect the preswr.ee of 5. epidersnidis. 

16. The use of antibodies against the ext. rac table fiaction of 
coagulase-negat ive staphylococci to block the Adherence of 
coagulase-negative staphylococci . 

11. The use of antibodies against the native fibrinogen binding 
protein froxr* coagulase-aegaLive staphylococci to block the 
adherence of coagulase-nega ti ve staphylococci . 

18. The use of antibodies against protein TIC or parts thereof 
to block tho acr.erence of couguiase-negat ive staphylococci. 

19. The U3c of a fibrinogen binding protein or parts thereof 
from coagulase - r.oju t i vo staphylococci as an irununogen. 

20. The us« of a proiu.:, VIZ or part;* thereof v4S an irrjnunogurj . 
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Methods for producing a protein or polypeptide having fibrinogen 
binding activity and a recombinant DKA molecule coding for said 
protein (or fragments thereof), and for microorganisms (including 
virus) containing this reccenbinant DNA molecule. 
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Figure 3 
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Figure 4 

Protim *»n*ltlvftty of 
*dhor*no« to fibrinogen 
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Figure 6 

Inhibition of adherence 
by LiCI extract 
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